Abstract. With the rapid development of web services, service computing is evolving into an important computing paradigm. One of the challenges in this evolution is how to ensure the correction of service composition. To verify the compatibility of composite service, we use pi-calculus to model the composite service process and present the related concepts and theorem of composition compatibility. Moreover, we propose an automate method to generate the process expression for increasing the verification efficiency.
Introduction
As a popular distributed computing paradigm, service-oriented computing makes software applications even more attractive due to it provides a lot of benefits like scalability, loose-coupled and on demand business applications in heterogeneous environments. However, along with these benefits, web service also raises some concerns especially how to ensure the correct running of service applications [1] . A critical challenge is how to build high-reliable composite service applications in the large-scale and complex computing environment.
The main standard to verify the correctness and usability of web service composition is that the composite service applications can run correctly and achieve the users' goals successfully [2] . Therefore, it is critical to analyze and verify web service composition before the implementation of composite service applications. At present, there exits three formal methods for verifying the web service composition: Petri nets, finite automation and process algebra [3] . The behavior theory of pi-calculus provides a good theoretical basis for the verification of web service composition [4] . So, we use pi-calculus to model and verify the behavior compatibility of web service composition in this paper.
The main goal of the compatibility verification for web service composition is to verify their interaction logic in a modeling manner for ensuring that their interactions do not lead to any undesired outcome and violate any business process constraint [5] . Many earlier studies focused on the correctness verification of internal business logic without considering the dynamic property of service behavior [6] . Deng in [4] gave the interface view, behavior view and service view to explain the service behavior compatibility and presented a verification method of behavior compatibility. The literature [7] applied pi-calculus to model web service and formalized the interactive behavior between services. However, this method did not consider the verification of multi-services interaction (three or more services). The literature [8] dealt with the change of composite service by using pi-calculus to present the business process execution language. However, the method proposed in [8] described the behavior variables and control flows in a static manner and did not explain the dynamic interaction process between services. The literature [1] represented and verified the dynamic interaction process between composite services by pi-calculus, but it only considered the message exchange in two services. In contrast with them, we focus on the behavior interaction between multi-services. In our verification method, a service could have two or more outputs and inputs at the same time. Moreover, our method can automatically generate the process expression and the message sequence of web service.
Service Behavior and Behavior Compatibility
Service Behavior. 
Behavior Compatibility.
Web service behavior describes the transition of service state and transmission of service message. Web service compatibility is also called the correctness of service interaction protocol, which is used to validate the interaction process between services. Take Fig. 1 for example, the service B sends the message mes1 to the services A and C by the gate G1. A receives mes1 by G2 and C receives mes1 by G3. At the same time, the states of three services change from 1 to 2.When the states of three services all are 2, C sends mes2 to B by G4 and its state changes from 2 to ending state 3. If the condition is y (Con=y), B sends mes5 to A by G9. Otherwise B sends mes4 to A by G8. After that, the state of B becomes the ending state 4. When the service A receives the message mes4 by G10 or mes5 by G11, its state also becomes the ending state 4. At the moment, the interaction of three services is over. According to the Fig 1, the 
Automate Verification of Compatibility
Pi-calculus Description of Web services.
Take Fig. 1 for example, three processes of the services A, B and C are described as follows:
The composite process P of three services is described as follows:
Theorem 1 (compatibility decision theorem) Let 1 2 , , , n s s s  are n services in n S and 1 2 , , , n P P P  are the process expressions of these services; iff 1 2 | | | 0 n P P P   , 1 2 , , , n s s s  are compatible. Proof: (1) According to Definition 10, if 1 2 , , , n s s s  are compatible, then there exist at least an effective message sequence to be able to change the states of n services from beginning state to ending state. At the same time, 1 2 , , , n P P P  communicate with each other by the given message sequence and these processes finally evolve into n null processes. 1 2 | | | 0
, it explains the process expression 1 2 | | | n P P P  could evolve into the null process by internal interaction. During the interaction, the process generates a message sequence. And the sates of 1 2 , , , n s s s  change from beginning state to ending state by the message sequence. Therefore, the services 1 2 , ( 10 ( 4) 11 ( 5) 
